Abstract -Thin film composite membranes were prepared by using1,3-phenylene diamine in the gelation bath as well as in coating conditions. The cross-sectional view of the membranes shows different patterns for membranes prepared in a water-bath (Mem-I) and a diamine-containing water bath (Mem-II). The thin film composite membranes prepared using a diamine bath and coating (Mem-III) had improved salt rejecting ability but low volume flux. The performances of the salt rejection follows the order Na 2 SO 4 > NaCl > MgSO 4 > MgCl 2 , as expected. The salt separation performances of the membranes made with higher concentration of 1,3 phenylene diamine follow the order Mem-IIIb > Mem-I > Mem-IIb. For membranes made with low concentration of 1,3-phenylene diamine, the salt separation follows the same trend, (Mem-IIIa > Mem-IIa).
INTRODUCTION
The beginning of polymer membrane science and technology occurred with the success of Yuster in 1958 (Yuster et al., 1958) with cellulose acetate. Cadotte's significant work was with thin film composite membranes (Cadotte, 1977; Cadotte et al., 1981 , Petersen, 1993 based on preparation of asymmetric polysulfone membranes and the coating of crosslinked polyamide via interfacial polymerization on them (Morgan, 1965) . The crosslinked polyamide formation was carried out using 1,3-phenylene diamine and trimesoyl chloride.
The preparation of asymmetric membranes can be done by different methods. Wet phase inversion is frequently employed as it is simple and of low cost. In the phase inversion technique, there is an interplay between the polymer and its solvent and non-solvent.
The asymmetric character is generated because of the difference in diffusion exchange between the top phase and the bottom phase of the membrane. It helps the diffusion and pore-controlled transport through the membrane. Moreover, it is also helpful in interfacial polymerization to form a thin salt rejecting polyamide layer. Generally the interfacial polymerization reaction is between amine and acyl halide functionalities. The reaction occurs at the junction of the two interfaces (viz., water and organic). Although it is termed 'interfacial', the reaction takes place in the organic phase because the highly unfavorable partition coefficient of the acid chloride limits its availability in the aqueous phase (Morgan, 1965) .
Membrane preparation is an art. The role of additives in the gelation bath during the preparation of membranes by the wet phase inversion technique Brazilian Journal of Chemical Engineering has been reported. (Vandezande, 2008) . The conformation of the membranes is varied by adding higher molecular weight alcohols (Boussu et al., 2006) (Deshmukh and Li, 1998) (Leblanc et al., 2001) , the same solvents used for polymer solution (Bottino et al., 1985) (Konagaya, 2001) , or macromolecular additives (Javiya et al., 2008) . In the present study, we prepare thin film composite membranes by preparing asymmetric polyether sulfone membranes in a water gelation bath, mixed with 1,3-phenylene diamine with interfacial polymerization in the usual manner. The role of additive in the gelation bath in terms of performances of the membranes for salt separation is compared with that of the usual thin film composite membranes prepared in the laboratory.
EXPERIMENTAL

Materials
Polyether sulfone (Gardah Chemicals, India) and N,N-dimethyl formamide (Qualigen, India) were used for the preparation of the membranes. The inherent viscosity of polyether sulfone was 1.27dL/g in N-methyl pyrrolidone. 1,3-phenylene diamine (Arti Industries, India) and trimesoyl chloride (Lancaster, USA) were used for interfacial polymerization to form the polyamide. Na 2 SO 4 (Molychem, India), NaCl, MgSO 4 and MgCl 2 (Qualigens, India) were used for the salt separation study. In all the experiments, reverse osmosis treated water was used.
Methods
Preparation of Asymmetric Polyether Sulfone Membranes
Polyethersulfone solution (16% w/w) was prepared in N,N-dimethyl formamide by slow heating and stirring. The solution was cast on non-woven polyester fabric pasted on a glass plate. The cast polyether sulfone was immersed at once (>10 sec) in the gelation bath (nonsolvent-water). In another approach, the cast polyether sulfone was immediately immersed (>10 sec) into the water gelation bath, mixed with 1,3-phenylene diamine (0.1 and 0.2%). The gelation bath temperature was kept at 27°C. The excess aqueous solution was removed from the top of the membrane by suspending it for 10 min.
Preparation of Thin Film Composite Membranes
The asymmetric polyether sulfone was placed on a glass tray. The interfacial polymerization of 1,3-phenylene diamine and trimesoyl chloride was done at the water-hexane interface. The asymmetric polyether sulfone prepared in the diamine gelation bath was also treated in the same manner. The same membrane was also treated with trimesoyl chloride alone. The details of the membrane preparation are given in Table 1 .
Techniques
A laboratory-made pressure cell was used for testing the permeability of the salt solutions. The cross-flow filtration mode was used and salt rejection measurements were done based on conductivity data by using a Eutech Instruments, CON 510 conductivity-TDS meter (Singapore). The experimental set-up used for cross-flow filtration of the solution is shown in Figure 1 . The applied crossflow filtration pressure was set at 1.4 MPa and 25°C for all salt rejection experiments. The pressure was kept at 6.2MPa for the sea water filtration because of its higher osmotic pressure. The cross-sectional examination of all the membranes was carried by scanning electron microscopy (Leo, 1430UP, Oxford Instruments). 
RESULTS AND DISCUSSION
The phase inversion technique was employed for membrane preparation. In this technique, a ternary mixture (polymer: polyethersulfone, solvent: N,N-dimethyl formamide, and coagulant: water) is formed. Upon introduction of the third component water, i.e., a nonsolvent for polyethersulfone, the mixture phase separates and results in 'polymer-rich' and 'polymer-lean' phases (Kim et al., 1997) . Changes in the composition of the polymer-solventnonsolvent system produced by mass transfer of the nonsolvent into the casting solution and of solvent into the coagulation bath during the wet phase inversion are the mechanisms of the membrane preparation. The polymer-rich phase is predominantly the polymeric membrane and precipitates out of the mixture as a thin porous solid film. It forms as soon as the cast membrane is in contact with the coagulant water. The polymer-lean phase forms a diffusion exchange layer between solvent and nonsolvent from the bottom of the thin dense skin layer.
The changes in the composition can be described by four steps, viz., solidification, nucleation and growth of the polymer-lean phase, spinodal demixing, and nucleation and growth of the polymerrich phase. The initial solidification is apparently the same for all the membranes, but other steps relate to the diffusional exchange of the nonsolvent-solvent. The presence of 1,3-phenylene diamine in the gelation bath results in slow diffusion exchange and Mem-II and Mem-III forms as a result. The visual appearance shows that the phase inversion mechanism is delayed for the two membranes. The decrease in weight (~ 4.4 -7.2 x10 -4 g/cm 2 ) suggests that the polymer-lean phase portion is comparatively higher than for polyether sulfone prepared in a water gelation bath only, though there is diamine attachment.
The interfacial polymerization is the key reaction to form the thin polyamide layer. It occurs between 1,3-phenylene diamine (in water) and trimesoyl chloride (in hexane) (Figure 2 ). The crosslinked network forms with the interchain -CONH-linkage between the aromatic rings. The asymmetric character of the polyether sulfone membrane helps the attachment of the crosslinked network on the support matrix. The interfacial polymerization was done after the preparation of the asymmetric polyether sulfone membrane for Mem-I. Table 1 features the different pathways used to prepare the thin film composite membranes. The 1,3-phenylene diamine is adsorbed/absorbed to the polyether sulfone matrix from the non-solvent (to polymer) gelation bath for Mem-II. Interfacial polymerization with trimesoyl chloride occurred with the adsorbed 1,3-phenylene diamine. In the case of Mem-III, the asymmetric membrane was prepared in the 1,3-phenylene diamine mixed gelation bath similar to Memb-II and then interfacial polymerization was done as in Mem-I. The feasibility of the formation of the polyamide layer is poor with the excess water content in it because the interfacial reaction is in organic phase. The cross-sectional morphology of the membranes is shown in Figure 4 . The cross-sectional view of the membranes reflects the asymmetric nature along the axis perpendicular to the plane of the film. The polymer-rich phase is at the top where as channels and macrovoids are beneath the top layer. The polymer-rich phase channels at the top are much wider for the membranes prepared in the water bath compare to membranes prepared in 1,3-phenylene diamine mixed bath because of its slow diffusion. The affinity of polyether sulfone for the diamine is another factor that may also control the conformation. The macrovoids are comparatively broader and with no geometric form for Memb-I.
But, in the case of Memb-II, the macrovoids are more or less straight and finger-like. The nonmacrovoid and finger-like part of the membranes consists of a well-developed cellular structure in the lower part of the membrane. The polymer-rich phase is distributed along the depth of the membrane for 11-16μm from the top for the membrane prepared in the water bath compared to 8-9 μm in the 1,3-phenylene diamine aqueous bath. In all the cases, polyamide is supported in the top morphological view of the membranes. The appearance of the top view is different with the use of 1,3-phenylene diamine. It is more prominent in Mem-III compared to Mem-II and Mem-I. (Figure 5 ). Figure 6 shows the salt rejection performance upon changing the preparative technique of the thin film composite membrane. The transport phenomena of salt through a thin film composite membrane can be explained by different theories (preferential sorption, electrical) (Bhattacharya et al., 2004) . In the preferential sorption theory, water preferentially sorbs at the membrane solution interface and then moves through the capillaries of the membrane by viscous flow in which the flux is directly proportional to the effective pressure. In the NernstPlanck theory, the movement of ions through membrane pores is by convection, diffusion and the electric potential gradient. From a chemical perspective, the formation of -COOH functionality in the cross-linked polyamide is the key to repel the salt, as well as polar compounds . It is seen from the figure that the salt rejection performance follows the order Mem-IIIb > Mem-I > Mem-IIb. This may be due to better attachment (adsorption/absorption) of 1,3-phenylene diamine in Mem-III as it occurs twice, i.e., in the gelation bath and in coating. The attachment of 1,3-phenylene diamine on Mem-I follows this order, as the efficiency in coating is better than in the gelation bath. The salt rejection follows the order Na 2 SO 4 > NaCl > MgSO 4 > MgCl 2 . This sequence is predictable from Donnan characteristics (Bhattacharya and Ghosh, 2004) . The valence factor plays a role in the case of the first two. The membranes have higher rejections for high-valence anions and low-valence cations than low-valence anions and high-valence cations, as shown by Dai et al. (2002) The size factor between Na + and Mg 2+ (Na + > Mg
2+
) also supports the order in the case of NaCl and MgCl 2 . To compare the rejection of NaCl and MgSO 4 , an explanation is given by He et al. (2008) and Mino et al. (2007) ; Mg 2+ has more adsorption ability, which would decrease the effective surface charge of the membranes and thus the order. The volume (J v 
CONCLUSIONS
Different approaches are used to prepare thin film polyamide composite membranes. The membranes were prepared with 1,3-phenylene diamine in the gelation bath. The diamine was also used in the gelation as well as in coating. The membranes prepared from a combination of both gelation and coating (Mem-III) show more salt rejection with lower J v with respect to the membranes prepared with the diamine under coating conditions. The cross-sectional morphology of the membranes shows the different nature of the thin dense layer and the macrovoids. The salt rejection follows the order Na 2 SO 4 > NaCl > MgSO 4 > MgCl 2 . The salt separation performances for salt and seawater follow the order Mem-IIIb > Mem-I > Mem-IIb. The performance of the membranes can be tailor-made with the use of 1,3-phenylene diamine. However, the salt separation of Mem-IIIa and Mem-IIb follows different trends, because of their concentration.
